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An  understanding  of  water  optical  properties  In 
coastal  waters  Is  significant  for  napping,  charting, 
and  geodesy  applications  since  present  electro- 
optical  bathymetry  napping  systems  have  limitations 
imposed  by  water  turbidity*  To  study  the  spatial  and 
temporal  variability  of  coastal  optics,  remote  sens¬ 
ing  technology  offers  much  potential.  Through  use  of 
this  technology,  it  is  possible  to  develop  Improved 
environmental  models  of  the  physical  and  biochemical 
processes  Influence  optical  properties*  Modeling  the 
variability  of  coastal  optics  establishes  operational 
planning  for  efficient  deployment  of  electro-optical 
charting  systems. 
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Executive  Summary 


From  analyses  of  optical  and  suspended  sediment 
properties  In  the  Mississippi  Sound,  Inherent 
relationships  for  exceptional  turbid  coastal  waters 
are  established.  The  optical  parameters  of  secchl 
depth,  Nepholometric  Turbidity  Units  (NTU) ,  and 
spectral  upwelllng  and  downwelling  diffuse 
attenuation  coefficients  are  correlated  with 
themselves  and  with  the  size  distribution  of 
suspended  sediments.  From  these  relationships, 
estimates  of  other  scattering  and  absorption  water 
optical  properties  are  established. 

Coastal  Zone  Color  Scanner  (CZCS)  and  Landsat 
satellite  data  coincident  with  the  experimental  data 
were  analyzed  to  access  the  spatial,  temporal,  and 
quantitative  optical  properties  with  the  sound  and 
surrounding  shelf  waters.  Problems  with  atmospheric 
correction  techniques  in  turbid  coastal  waters 
precluded  obtaining  quantitative  optic  measurements. 
Relationships  between  the  spectral  satellite  radiance 
values  and  optical  properties  are  established. 
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Water  Optics  of  the  Mississippi  Sound 


I.  Introduction 

An  experiment  was  conducted  in  the  Mis¬ 
sissippi  Sound  in  the  northern  Gulf  of 
Mexico  in  September  1980.  An  evaluation 
of  the  spatial  distribution  of  the  op¬ 
tical  properties  was  investigated  by 
both  ground  truth  data  and  satellite 
Imagery  analysis.  The  complex  circula¬ 
tion  of  the  sound  can  be  somewhat  char¬ 
acterized  by  the  distribution  of  the 
optical  properties.  As  in  many  coastal 
regions,  the  optical  properties  are 
influenced  primarily  by  the  high  con¬ 
centrations  of  suspended  sediments. 
Since  there  appears  a  direct  correla¬ 
tion  between  suspended  sediment  concen¬ 
tration  and  magnitude  of  local  current 
patterns,  a  more  thorough  investigation 
of  optical  properties  within  highly 
turbid  water  was  required  in  order  to 
characterize  spatial  variability. 

Water  color  can  readily  be  sensed  from 
satellite  multispectral  scanning  sys¬ 
tems  (CZCS,  Land sat) .  However,  it  is 
difficult  to  access  absolute  optical 
properties  without  making  allowances 
for  the  atmosphere.  Data  from  Landsat 
and  the  Coastal  Zone  Color  Scanner 
(CZCS,  Nimbus-7),  was  examined  during 
this  experiment  and  atmospheric  correc¬ 
tion  techniques  applied  to  quantify  the 
optical  properties. 

The  complex  optical  nature  of  coastal 
water  has  limited  other  Investigators 
of  optical  properties  of  the  two  ex¬ 
tremes:  clear  open  ocean  or  turbid 
river  waters.  Investigations  of  the 
transitional  coastal  waters  are  limit¬ 
ed.  Techniques  presently  used  for  re¬ 
duction  of  CZCS  imagery  for  direction 
computation  of  concentrations  of  chlo¬ 
rophyll,  suspended  sediments,  or  the 
diffuse  attenuation  coefficient 
(Austin,  Clark  et  al.,  1980)  have  not 


specifically  addressed  high  suspended 
sediment  concentrations  or  coastal 
properties  that  are  observed  within  the 
Mississippi  Sound.  This  experiment  ad¬ 
dressed  the  inter-relationships  of  the 
optical  properties  within  the  Missis¬ 
sippi  Sound  and  their  determination 
from  satellite  systems.  Problems  asso¬ 
ciated  with  processing  CZCS  imagery  for 
quantitative  estimates  of  water  parame¬ 
ters  in  coastal  regions  are  also  exam¬ 
ined  and  errors  are  explained  within 
the  computations.  Spacial  variability 
of  the  water  optical  properties  is  dis¬ 
cussed  for  both  Landsat  and  CZCS 
imagery . 

II.  Study  Area 

Figure  1  illustrates  the  Mississippi 
Sound  located  in  the  northern  Gulf  of 
Mexico.  A  series  of  barrier  islands  is 
located  approximately  7  miles  to  the 
south  of  the  headland.  This  protected 
area  extends  from  Mobile  Bay  on  the 
east  to  Lake  Ponchartrain  on  the  west. 
The  extremely  low  lying  coastline  in 
this  area  is  composed  of  marsh  and  wet¬ 
land  areas.  The  waters  are  extremely 
turbid  as  a  result  of  the  high  suspend¬ 
ed  sediments  from  various  river  outputs 
and  the  resuspension  of  silt-sized  bot¬ 
tom  sediments.  The  Mississippi  Sound 
has  a  mean  depth  of  12  feet  and  bottom 
material  is  extremely  soft  silt.  As  a 
result,  wind  and  tidal  currents  in  this 
relatively  confined  basin  resuspend 
bottom  material  quite  frequently  and 
the  waters  remain  quite  high  in  concen¬ 
tration  of  suspended  sediment. 

The  character  of  the  suspended  sedi¬ 
ments  in  the  sound  is  highly  variable 
as  a  result  of  the  numerous  river  in¬ 
puts.  The  rivers  which  include  the 
Pearl  in  the  west,  and  Jordon,  Biloxi, 
Pascagoula,  and  Mobile  in  the  east. 


drain  different  basins  and  the  size 
distribution,  shape,  and  type  of  sus¬ 
pended  sediments  that  are  input  into 
the  sound  are  strongly  variable.  Once 
within  the  sound  the  tidal  and  wind 
mixing  tend  to  horizontally  and  verti¬ 
cally  distribute  the  suspended  sedi¬ 
ments.  There  are,  however,  gradual  dif¬ 
ferences  of  suspended  sediments  that 


occur  horizontally  within  the  sound 
resulting  from  proximities  of  the  river 
inputs.  These  spatial  variations  make 
it  difficult  to  establish  general  rela¬ 
tionships  between  optical  properties 
and  suspended  sediment  concentration 
for  the  entire  sound,  since  the  scat¬ 
tering  and  absorption  of  radiation  is 


Table  1.  September  1980 


Survey 


Dates  9/2  9/8  9/9  9/10  9/20  9/21  9/24  9/25 

Stations  4-40  6-40  44-68  68-80  2-42  44-80  4-36  38-66 


Parameters  Measured  at  Each  Station 


—Nephelometric  Turbidity  Units  (NTU) 

—Seech  I  depth 

—Spectral  (443,  520,  550,  670)  Diffuse  Attenuation  Coefficient  ("k"> 
—Total  Suspended  Sediments 


Satel I Ite  Coverage 


Date 

Satellite 

(  Cloud  < 

9/9 

CZCS* 

30 

9/14 

CZCS/LS* 

10 

9/15 

CZCS/LS 

10 

9/24 

CZCS/LS 

35 

•Coastal  Zone  Color  Scanner 
•Landsat 


* 


89*30'  89*  88*30'  . 


rigure  1.  Mississippi  Sound  Experiment 


dependent  on  the  character  of  the  sus¬ 
pended  particles.  Seaward  of  the  bar¬ 
rier  islands,  on  the  southern  boundary 
of  the  sound,  the  water  clarity  in¬ 
creases  gradually.  Turbidity  plumes 
extending  south  from  Mobile  Bay  and 
from  channels  between  the  islands  can 
be  observed  on  remote  sensing  imagery 
during  the  outgoing  tides.  A  more 
thorough  investigation  of  the  tidal 
circulation  was  done  by  Sheng  (1983)  in 
which  the  general  distribution  of  sus¬ 
pended  sediments  is  well  -  correlated 
with  the  velocities  of  tidal  currents. 

Figure  1  also  illustrates  the  40  sta¬ 
tion  locations  occupied  within  the 
sound  during  September  1980.  This  ex¬ 
periment  was  a  cooperative  investiga¬ 
tion  with  the  Army  Corps  of  Engineers. 
Their  objective  was  to  develop  a  circu¬ 
lation  and  suspended  sediment  model  of 
the  Mississippi  Sound  (Sheng,  1983; 
Sheng  and  Butler,  1982;  Raytheon,  1981; 
and  Isphording,  1981).  Station  loca¬ 
tions  were  designed  to  collect  water 
property  data  along  major  current  flow 
areas,  thus  the  entrance  channels  to 
Gulfport,  Biloxi,  and  Pascagoula  were 
well-sampled.  A  summary  Of  stations 
occupied,  parameters  measured,  and  sat¬ 
ellite  coverage  during  this  experiment 
is  shown  in  Table  1. 

III.  Sample  Procedure 

A  continuous  flow-through  system  for 
measuring  Nephelometric  Turbidity  Units 
(NTU)  was  installed  onboard  ship.  Sur¬ 
face  waters  were  pumped  through  the 
nephelometer  and  light  scattering  meas¬ 
urements  were  monitored.  The  instrument 
was  calibrated  daily,  though  little 
drift  within  the  instrument  was  ob¬ 
served.  This  measurement  was  done  with 
a  wide  band  visible  (Turner)  photometer 
(Raytheon) .  The  NTU  measurement  is  a 
conventional  technique  for  measuring 
water  turbidity  and  is  believed  to  be 
correlated  best  with  suspended  sediment 
concentrations,  especially  if  the  size 
distribution  of  the  particles  is  known 
(Holyer,  1978).  NTU  measurements  are 
not  as  sensitive  to  dissolved  organic 


concentrations ,  i .e . ,  hummic ,  fulvic , 
and  tannic  acids,  since  these  constitu¬ 
ents  tend  to  mostly  absorb  the  light 
field  rather  then  scatter  it.  Since 
Mississippi  Sound  suspended  sediment 
concentrations  are  significantly  high, 
the  scattering  produced  from  these  par¬ 
ticles  dominates  the  optical  properties 
and  the  effects  of  dissolved  organics 
is  minimal. 

A  spectral  irradiance  meter  with  four 
interference  filters  centered  at  simi¬ 
lar  wavelengths  as  the  Coastal  Zone 
Color  Scanner  (443,  520,  550,  670  nano¬ 
meters  (nm)  +10  nm)  was  used  to  collect 
the  downwelling  diffuse  attenuation 
coefficient  "K^" '.  Although  equipped 

with  an  upwelling  irradiance  sensor, 
the  sensor  was  used  on  a  limited  basis 
to  collect  the  upwelling  diffuse  atten¬ 
uation  coefficient,  ”K  " ,  since  prob¬ 
lems  with  instrument  insensitivity  were 
encountered.  The  irradiance  sensors 
were  equipped  with  cosine  collectors 
and  though  not  properly  calibrated  for 
absolute  irradiance  measurements,  pro¬ 
vided  accurate  relative  measurements 
required  for  "K^"  and  K^”  determina¬ 
tion.  The  instrument  was  lowered  over 
the  side  of  the  ship  and  simultaneous 
underwater  and  surface  deck  irradiance 
measurements  were  collected  at  several 
depths  within  the  water  column. 

Suspended  sediments  concentrations  were 
determined  at  the  surface  and  near  the 
bottom  at  each  station.  A  water  sample 
was  collected,  and  later  filtered  in 
the  laboratory.  The  weight  of  the  non- 
filterable  residue  was  then  used  to 
determine  the  suspended  sediment  con¬ 
centration  (Isphording,  1981).  Several 
problems  with  the  reliability  of  the 
values  of  the  suspended  sediment  con¬ 
centrations  were  experienced  and  rea¬ 
sons  for  possible  error  in  sampling 
procedure  will  be  discussed  later.  The 
size  distributions  of  the  suspended 
sediments  for  15  surface  water  samples 
were  made  by  weighing  nonf ilterable 
residue  on  3  different  size  millipore 


filters.  Thus,  the  size  distribution 
was  catagorized  into:  >  8  microns  (fine 
silt);  3-8  microns  (very  fine  silt); 
and  0.4-3  microns  (fine  to  coarse 
clay) .  It  should  be  noted  that  the  size 
distribution  of  suspended  sediments 
greater  than  8  microns  was  measured 
using  a  Coulter-counter.  In  all  15  sam¬ 
ples  measured,  99%  of  the  samples  had  a 
size  distribution  less  than  10  microns. 

IV.  Data  Analyses 

A.  Transects 

Specific  transects  through  the  Missis¬ 
sippi  Sound  have  been  illustrated  for 
9,  20,  and  24  September  1980  (Fig.  2). 
These  transects  show  general  relation¬ 
ships  of  NTU,  secchi  depth,  "K^" 

values,  and  total  suspended  sediments, 
from  coastal  stations  to  seaward  of  the 
barrier  islands.  Note  the  station  posi¬ 
tion  by  referring  to  Figure  1.  The  9 
September  transect,  along  the  Pascagou¬ 
la  channel,  shows  strong  correlation 
between  the  optical  values  of  NTU, 

secchi  depths,  and  ”K  "  values.  At  each 

u 

of  the  station  locations  for  this  date, 
several  samples  of  surface  water  were 
obtained  and  the  range  of  concentra¬ 
tions  of  suspended  sediments  are  dis¬ 
played  by  the  bars  for  each  station. 
Because  of  the  wide  range  of  concentra¬ 
tion,  it  is  difficult  to  establish  a 
strong  relationship  with  the  other 
water  properties.  Also,  the  values  of 
the  suspended  sediments  concentration 
are  to  be  questioned. 

Similar  analyses  of  the  surface  water 
properties  along  the  Gulfport  channel 
transect,  on  20  and  24  September,  are 
also  illustrated  in  Figure  2.  The  20 
September  transect  shows  a  strong  cor¬ 
relation  of  the  suspended  sediment  con¬ 
centration  and  the  optical  water  param¬ 
eters.  The  downwelling  spectral  "K^” 

measurements  taken  at  443,  520,  550, 
and  670  nm  are  shown  to  be  strongly 
related  to  the  other  properties.  Notice 
that  the  "Kd"  550  and  "Kd"  520  values 


1:  l : 
j:  1: 
r1" 


lit 


Pmgouli  Channel 
9  Sept.  1980 


Ku  (Taai  SptarvmJ 


'J\  \\ 
V 

“■  "N\ 


Gulfport  Channel 
20  SapL  1990 


X - 


300 

u 

25J 

-  zo 

200 

11 

151 

11 

100 

-  *  1.4 

00 

U 

0 

11 

0  Gulfport  Channel 

»  24  Sapt  1990 


II  II  III  T12  TM  116 
Slatons 

Figure  2.  Distribution  of  optic  proper¬ 
ties  and  sediment  concentrations  along 
transects 


have  increased  response  as  the  water 
turbidity  increases,  i.e.;  these  "K” 
values  have  a  greater  dynamic  range 
than  the  "Kj"  443,  and  "Kd"  670.  This 

would  be  expected  since  the  maximum 
light  transmission  for  these  waters 
occurs  within  these  wavelengths.  The 
temporal  variability  of  the  parameters 
can  be  shown  by  comparison  of  the  20 
and  24  September  transects.  Data  from 
each  transect  was  collected  within  a 
2-hour  period:  following  high  tide  on 
20  September  and  on  an  incoming  tide  on 
20  September.  The  general  increased 
clarity  of  the  water  shown  in  the  tran¬ 
sect  for  24  September  reflects  the 
tidal  inflow  of  offshore  water  all  the 
way  to  the  northern  shore  of  the  sound. 
The  influence  of  the  tidal  forcing  on 
the  circulation  within  the  sound  has 
also  been  shown  by  the  model  developed 
by  Sheng  (1983). 

B.  Size  Distribution  of  Suspended  Sediments 

In  characterizing  the  optical  proper¬ 
ties  of  Mississippi  Sound,  the  distri¬ 
bution  of  the  size  of  suspended  sedi¬ 
ments  within  the  sound  should  be  ex¬ 
amined  since  the  optical  properties  are 
directly  affected. 

As  was  said  previously,  99%  of  suspend¬ 
ed  sediments  are  less  then  10  microns. 
From  the  analyses  of  the  filtration  of 
water  samples,  the  suspended  sediments 
range  in  size  from  a  fine  silt  to  a 
medium  clay.  This  variation  of  size 
distribution  is  significant,  especially 
in  considering  the  optical  scattering 
properties.  Figure  3,  taken  from  Holyer 
(1978),  illustrates  the  relationships 
between  NTU  and  sediment  concentrations 
and  the  effects  of  particle  size  dis¬ 
tribution.  The  figure  indicates  that 
for  a  NTU  value  of  25  the  sediment  con¬ 
centration  can  range  from  17  to  40  mg/1 
depending  on  whether  the  particle  size 
is  clay  or  silt.  Also  illustrated  in 
this  figure  are  the  calibration  stand¬ 
ards  taken  from  Stations  6  and  16  dur¬ 
ing  the  experiment.  The  data  for  these 


standards  falls  along  the  silt  size 
particle  line  though  some  points  indi¬ 
cate  a  smaller  particle  size. 

Analyses  of  the  particle  size  distribu¬ 
tion  of  the  suspended  sediments  are 
displayed  in  Table  2  and  plotted  in 
Figure  4. 

As  can  be  observed  in  Figure  4,  the 
size  distribution  of  the  suspended  sam¬ 
ples  are  variable.  The  position  of  the 
data  points  is  represented  by  the  sta¬ 
tion  number.  There  appears  to  be  no 
noticeable  correlation  between  station 
locations  within  Mississippi  Sound  and 
particle  size  distributions.  One  would 
expect  a  particle  size  distribution 
within  the  sound  to  reflect  the  loca¬ 
tions  of  the  various  river  inputs.  How¬ 
ever,  tidal  and  wind  forcing  are  sig¬ 
nificant  in  moving  major  water  masses 
within  the  sound,  which  results  in  var¬ 
iable  particle  size  distribution  occur¬ 
ring  throughout  the  sound.  The  result 
that  the  particle  size  distribution  has 
on  the  optical  properties  can  be  char¬ 
acterized  by  comparison  of  Figures  3 
and  4.  Figure  4  illustrates  the  parti¬ 
cle  size  ranging  from  a  coarse  clay, 
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SUSPENDED  SEDIMENT  CONCENTRATION  (Holyer.  19801 

Figure  3.  The  relationship  of  NTU  and 
Suspended  Sediment  Concentration  is 
affected  by  size  distribution.  NTU  cali¬ 
bration  data  points  from  the  Mississippi 
Sound  fall  along  the  silt  line. 


<3m  (S12)  to  a  fine  silt,  >8 p  (S9), 
Using  these  extremes  in  Figure  3,  for  a 
sediment  concentration  of  25  mg/1,  NTU 
values  of  15-25  are  possible .  Similar¬ 
ly,  for  sediment  concentrations  of  75 
mg/1,  possible  NTU  values  are  45-70. 
This  demonstrates  that  with  increasing 
sediment  concentrations  the  effect  of 
particle  size  becomes  more  pronounced 
on  the  NTU  values.  Similar  effects  on 
the  diffuse  attenuation  coefficient 
would  be  expected. 


sensing  applications  since  the  water 
cover  results  from  an  integrated  back- 
scattered  radiation  of  the  water  col¬ 
umn. 


C.  Seech  i  Depth 


Figure  5  illustrates  the  relationship 
between  secchi  depths  and  suspended 
sediments  for  the  Mississippi  Sound.  A 
regression  of  these  variables  resulted 
in  a  best  approximation  by  a  power 
equation,  with  a  regression  coefficient 
of  0.085.  The  large  amount  of  scatter 
is  quite  disturbing  at  first  glance  and 
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A  total  of  136  secchi  depth  measure¬ 
ments  were  taken  during  the  course  of 
the  experiment.  This  measurement,  al¬ 
though  extremely  simple,  provides  a 
rapid,  important  method  of  determining 
water  clarity.  Gordon  et  al.,  (1978) 
suggest  that  this  measurement,  when 
combined  with  other  optical  measure¬ 
ments,  can  provide  additional  informa¬ 
tion  about  the  water  properties.  The 
secchi  depth  measurement  is  strongly 
dependent  on  the  backscattering  proba¬ 
bility  that  is  directly  related  to  the 
particle  shape,  size,  and  composition 
(not  concentration) .  This  is  extremely 
important  in  relationship  to  remote 
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Figure  4.  Size  distribution  of  total  sus¬ 
pended  sediments  for  selected  stations  in 
the  Mississippi  Sound 


Table  2.  Surface  suspended  sediment  size  distribution  by  percentage 


%  >  8  microns 

f  3-8  microns 

%  <  3  microns 

Station 

Date 

(fine  silt) 

(fine  si It-clay) 

(coarse  clay) 

S6 

3  Sep 

63.6 

18.2 

18.2 

S6 

23  Sep 

36.6 

9.6 

60.8 

S9 

9  Sep 

33.3 

33.3 

33.3 

S9 

25  Sep 

72.5 

72.5 

5.0 

S12 

9  Sep 

13.2 

13.2 

73.5 

SI2 

24  Sep 

15.4 

62.0 

23.1 

T16 

8  Sep 

52.1 

39.8 

8.1 

T16 

24  Sep 

23.9 

50.0 

26.1 

T20 

8  Sep 

59.7 

33.6 

6.7 

T20 

20  Sep 

62.7 

27.7 

9.6 

T22 

8  Sep 

62.8 

11.6 

25.6 

T22 

24  Sep 

45.5 

0.0 

54.5 

T30 

8  Sep 

40.9 

29.5 

29.5 

T30 

24  Sep 

55.1 

8.2 

36.7 

the  validity  of  the  suspended  sediment 
concentrations  is  in  question.  However, 
remember  that  the  secchi  depth  measure¬ 
ment  is  not  only  dependent  on  concen¬ 
tration.  The  relationship  between 
secchi  depth  and  suspended  sediments 
has  been  approximated  by  Manheim  et 
al.,  (1970)  and  Gordon  et  al.,  (1978) 
to  be 


Zd  -  w(k')/P 
where : 


(1) 


k' 

w 

ap 

bp 

P 


secchi  depth 

a£ 

bp 

constant 

absorption  of  particles 
scattering  coefficient  of 
particles 

particle  concentration 


This  relationship  has  been  shown  to 
hold  for  waters  of  high  suspended  sedi¬ 
ment  concentration  but  low  dissolved 
absorbers,  i.e.,  yellow  substance.  The 
k'  term  is  directly  related  to  the  size 
and  shape  distributions  and  not  on  the 
concentrations  and  is  the  coefficient 
by  which  the  absorption  and  backscatter 


of  particles  are  related.  The  impor¬ 
tance  of  the  k'  term  permits  a  better 
characterization  of  the  interaction  of 
the  sediments  properties  and  optical 
properties.  The  ratio  of  the  backscat- 
tering  of  particles  and  water;  (b^/bw) 

is  an  index  of  the  partical  concentra¬ 
tion  (P) .  Figure  6  shows  the  relation¬ 
ship  between  bp/bw,  i.e.  (P),  and  at 

various  k’  and  aw  (the  absorption  coef¬ 
ficient  of  water  plus  dissolved  materi¬ 
als).  For  waters  that  are  free  of  dis¬ 
solved  absorbers;  i.e.  a  =0,  the  curves 

w 

in  Figure  6  reduce  to  the  hyperbolic 
relationship  (Eq.  1).  With  waters  that 
are  high  in  dissolved  absorbers,  the 
Zd-P  relationship  strongly  depends  on 

aw  for  low  P.  Also  note  that  at  large  P 

the  position  of  the  Zd~P  curve  provides 

information  on  the  value  of  k'  while  at 
low  P  information  on  a  is  obtained 
(Gordon  et  al.,  1978). 

Comparison  of  Figures  5  and  6  illus¬ 
trates  that  for  the  Mississippi  Sound 


Secchi  Depth  (Zd) 


Figure  5.  Relationship  between  secchi 
depth  and  the  total  suspended  sediment 
concentration  for  the  Mississippi  Sound 


Figure  6.  Z&  as  a  function  of  bp/bw, 
K 1,  and  aw 


waters,  the  effect  of  particle  size, 

shape,  and  composition  is  significant 

in  defining  the  Z  -P  curve.  (Note  that 
a 

Fig.  6  is  applicable  out  to  Z.  of  SO  m 

a 

and  that  Fig.  5  extends  only  to  4.6  m.) 
For  the  shallow  secchi  depths  the  con¬ 
trolling  parameter  is  the  k'  value  and 
not  aw«  Figure  5  has  5  curves  superim¬ 
posed  over  the  data  that  result  from 
Eq.  (1)  with  various  values  of  w(k') 
ranging  from  0.5  to  4.  The  sound  data 
tends  to  cluster  along  the  curves  0.5 
to  1  though  some  data  also  falls  around 
the  curve  of  w(k')-4.  The  position  of 
the  data  points  with  respect  to  these 
curves  provides  a  method  of  classifying 
the  data  into  k'  related  properties 
that  are  based  on  shape,  size,  and  com¬ 
position  of  the  particles.  It  should  be 
noted  that  Mississippi  Sound  waters  are 
not  totally  free  of  dissolved  organic 
matter  and  that  these  absorption  prop¬ 
erties  (a  )  of  the  water  will  effect 

V 

this  hyperbolic  relationship.  The  rela¬ 
tionships  indicated  in  Figure  5  indi¬ 
cate  that  the  size  distribution  of  the 
suspended  sediments  appear  to  have  a 
major  influence  in  expressing  any  rela¬ 
tionship  between  secchi  depths  and  sus¬ 
pended  sediment  concentration.  Addi¬ 
tional  work  is  required  to  more  fully 
understand  the  size  distribution  on 
optical  properties. 

The  relationship  between  secchi  depth 
and  NTU  is  illustrated  in  Figure  7 .  A 
strong  correlation  exists  between  these 
parameters.  A  power  curve  fit  best  ap¬ 
proximates  this  relationship. 


NTU  -  75.98  (Zj1-748 
d 


The  correlation  coefficient  has  an  R 

value  of  0.711.  From  examination,  the 

distribution  of  the  data  appears  to  be 

a  hyberbolic  relationship  between  these 

parameters  as  described  earlier,  such 

that:  NTU  «c/Z..  As  was  identified 
0 

earlier,  Z^  is  strongly  influenced  by 


the  backscattering  probability,  l.e.  B 
»  (0.05bw  +  bp  Bp/bw  +  bp)  where  bw  and 
bp  are  the  scattering  coefficients  of 
water  and  particles  respectively  and  Bp 
is  the  particle  backscattering  proba¬ 
bility.  NTU  also  are  influenced  by  the 
scattering  probability  at  90°.  Thus,  by 
the  strong  correlation  between  NTU  and 

Z.,  there  also  is  a  strong  relationship 
d 

between  the  scattering  function  at  90° 
and  180°. 

The  relationships  between  the  spectral 
diffuse  attenuation  coefficient  and  Z 

d 

are  illustrated  in  Figures  8  and  9.  The 
equation  that  best  approximates  this 
relationship  is  a  power  curve 

Kd(A)  -  AZdB  (3) 

The  coefficients,  and  regression  corre¬ 
lation  coefficients  are  listed  in  Table 
3  for  the  various  spectral  wavelengths. 

A  strong  correlation  is  noted  between 

the  K,(550)  nm,  and  the  secchi  depth 
d 

values.  For  the  highly  turbid  waters  of 
the  Mississppi  Sound,  the  maximum 
transmission  of  light  for  the  prese¬ 
lected  filters  occurs  closest  to  the 
550  nm  wavelength.  The  correlation  for 

K,(670)  is  the  poorest  as  a  result  of 
d 


Secchi  Depth  (ft! 
«d> 


Figure  7.  Secchi  depth  as  a  function 
of  NTU 


the  strong  water  absorption  In  this 

part  of  the  spectrum.  Since  the  secchl 

depth  measurement  Is  responsive  to  the 

entire  visible  spectrum,  the  human  eye 

selects  that  part  of  the  spectrum  of 

maximum  penetrability  to  observe  the 

disk.  Thus  It  Is  reasonable  for  the 

K.(550)  to  best  correlate  with  Z . .  It 
d  a 

has  been  suggested  that  the  and  K 

are  hyperbollcally  related  (Holmes, 
1970;  Pool  et  al.,  1929;  and  Gordon  et 
al.,  1978). 


where  1.4  <  n  <  1.7,  (Fig.  10).  Differ¬ 
ences  in  "n”  values  result  from  both 
variation  of  size,  shape,  distribution 
of  particles,  and  absorption  of  water 
in  a  similar  way  derived  for  Eq .  1. 
Comparison  of  Eq.  4  (Fig.  10)  and  the 
Misslssppi  Sound  data  results  in  Fig¬ 
ures  8  and  9  confirming  the  hyperbolic 
relationship.  A  more  thorough  investi¬ 
gation  of  how  the  size  distribution 
affects  this  relationship  is  required. 
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Figure  8.  Secchi  depth  as  a  function  of  Figure  9.  Secchi  depth  as  a  function  of 

diffuse  attenuation  coefficient  for  443  and  diffuse  attenuation  coefficient  for  550  and 

520  nm  in  the  Mississippi  Sound  670  nm  in  the  Mississippi  Sound 
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The  relationship  between  NTU  and 


K^(550)  and  1^(520)  is  illustrated  in 


Figure  11.  The  coefficients  for  the 
equations  that  best  approximate  a  power 
curve  are  also  shown  in  Table  3.  A 


Table  3.  Coefficients  for  power  curve  for 
secchi  depth  and  diffuse  attenuation  co¬ 
efficient 


yMX8 

A 

B 

R2 

K  (443) 
d 

vs. 

zd 

3.025 

-0.674 

0.551 

K  (520) 

vs. 

Z^ 

3.132 

-0.719 

0.553 

d 

K  (550) 
d 

vs. 

d 

zd 

4.053 

-0.887 

0.728 

K  (670) 
0 

VS. 

z 

d 

2.273 

-0.512 

0.417 

K  (550) 
d 

vs. 

NTU 

0.476 

-0.469 

0.625 

K  (520) 
u 

VS. 

NTU 

0.556 

-0.372 

0.461 
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Figure  10.  Secchi  Depth  as  a  function  of 
diffuse  attenuation  coefficient  for  various 


strong  correlation  exists  between  these 


parameters.  The  K  (550)  correlates  bet- 
d 


ter  with  the  NTU  than  the  K^(520).  The 

520  nm  wavelength  previously  was  ob¬ 
served  to  correlate  best  with  the 
secchi  depth  measurements  (Fig.  9).  As 
a  result  of  the  improved  correlation  of 


K,(550)  with  Z,  than  with  NTU,  the  for- 
d  a 


ward  scattering  (1^(550))  is  better 

related  to  the  180°  backscattering  (Z^) 

than  with  the  90°  scattering  (NTU). 
This  confirms  the  assumption  that  the 
human  eye  selects  the  optimum  wave¬ 
length  (550  nm)  in  determining  secchi 
depths. 


Figure  11.  NTU  as  a  function  of  for 
55 0  and  520  nm  for  the  Mississippi  Sound 
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D.  Ky  Versus 

For  a  small  number  of  stations,  the 
upwelling  (K^)  as  well  as  the  downwel- 

llng  (K^j)  diffuse  attenuation  coeffi¬ 
cients  were  measured.  For  remote  sens¬ 
ing  applications,  the  direct  calcula¬ 
tion  of  has  been  suggested  to  be 

more  relevant  since  it  is  more  closely 
associated  with  what  the  remote  sensor 
senses  (Austin,  1978).  However,  because 
of  the  high  suspended  sediment  concen¬ 
tration  within  the  sound,  the  flux  of 
upwelling  irradiance  was  beyond  the 
resolution  of  the  instrument  used  in 
this  measurement  and  only  at  several 
selected  stations  were  reliable  meas¬ 
urements  obtained. 

The  relationship  between  upwelling  (K^) 
and  downwelling  (K^)  diffuse  attenua¬ 
tion  coefficient  is  illustrated  in  Fig¬ 
ure  12  for  the  443,  550,  and  670  nm 
spectral  channels.  If  we  assume  a  lin¬ 
ear  relationship  between  and  Kd» 

Table  4  indicates  the  correlation  coef¬ 
ficients  and  the  regression  coeffi¬ 
cients  for  these  spectral  K  values. 

From  examination  of  Table  4,  notice  the 
relationship  for  the  550  nm  spectral 
band  has  the  lowest  regression  coeffi¬ 
cient  between  upwelling  and  downwelling 
"K"  as  compared  to  the  two  other  spec¬ 
tral  bands,  443  and  670. 

Notice  in  Figure  12  that  in  the  550  nm 
channel  the  Kd(550)  is  greater  than  the 

corresponding  K  (550)  value.  (The  slope 

of  the  linear  relationship  is  <1.)  The 
rate  of  attenuation  is  greater  for 
light  propagating  into  the  water  than 
for  light  propagating  out  of  the  water. 
Since  the  550  nm  wavelength  has  rela¬ 
tively  high  transmission  in  these  par¬ 
ticular  waters,  light  is  being  scat¬ 
tered  and  propagated  upward  from  deeper 
water  depths  than  for  the  other  wave¬ 
lengths  which  have  a  shallower  penetra¬ 
tion  depth.  This  increased  amount  of 


upwelling  light  is  attentuated  at  a 
lower  rate  than  the  downwelling  light 
for  this  wavelength,  (550  nm) .  The  y- 
intercept  (A)  for  the  550  nm  relation¬ 
ship  has  a  value  very  close  to  0, 
(-0.06). 

The  dependence  of  the  solar  altitude 

attributes  to  the  variation  in  K  and 

u 

K. .  Since  the  majority  of  the  visible 
a 

light  entering  the  water  column  in  the 
550  nm  wavelength  comes  from  the  sun, 
as  opposed  to  skylight,  the  rate  of 
attenuation  of  this  downwelling  radia¬ 
tion  depends  on  the  altitude  of  the 
sun.  This  is  especially  true  for  turbid 
waters  where  there  is  much  scattering 
and  attenuation  in  the  upper  layers. 
For  upwelling  radiation,  the  radiation 
field  is  more  diffuse  since  it  results 
from  the  multiple  scatters  of  the  down¬ 
welling  flux.  The  downwelling  attenua¬ 
tion  rate  will  be  greater  than  the  up¬ 
welling  attenuation  rate  as  a  result  of 
this  ‘■point”  radiation  source  (sun). 
This  difference  in  rate  of  attenuation 
is  illustrated  in  Figure  12  for  the  550 
nm  wavelength.  Note  also  that  the  near 
aero  intercept  (0.06)  indicates  that 
for  clear  waters  the  dependence  on  the 
solar  altitude  has  a  diminished  effect 
and  a  similar  attenuation  rate  for  up¬ 
welling  and  downwelling  radiation  is 
observed.  With  increasing  water  turbid¬ 
ity  the  difference  in  K  and  K.  become 
J  u  d 

more  significant.  This  increased  dif¬ 
ference  for  turbid  (coastal)  waters 
will  be  discussed  later  when  compared 
to  satellite  (CZCS)  applications. 


Table  4.  Correlation  between  upwelling 
and  downwelling  diffuse  attenuation  co¬ 
efficient,  =  A  +  B(Kd\) 


* 

B 

R2 

K<443> 

-0.013 

0.845 

0.698 

K(550) 

-0.062 

0.710 

0.522 

K(670) 

-0.238 

0.929 

0.637 

Plot  "A"  of  Figure  12  Illustrates  the 

K  and  K.  at  443  ran.  At  this  shorter 
u  a 

wavelength.  Increased  atmospheric  scat¬ 
tering  Increases  the  intensity  of  sky¬ 
light,  thereby  decreasing  the  influence 


Kd  -  870  nm 


Figure  12.  K d  as  a  function  of  Ku  at 
443,  550,  and  670  nm 


of  the  solar  altitude.  The  downwelling 
radiation  has  a  more  diffuse  character, 
similar  to  the  upwelling  light  field. 
This  relates  in  increased  similarities 
between  the  rates  of  attenuation  in  K 

u 

and  K^.  The  slope  of  this  relationship 

is  approaching  1  (0.84).  Again  notice 

that  in  clear  waters  K  K, ,  while  in 

u  =  d 

more  turbid  waters  the  downwelling  at¬ 
tenuation  rate  is  greater. 

The  relationships  of  and  for  the 

670  ran  channel  are  illustrated  in  Fig¬ 
ure  12.  Because  at  this  wavelength, 
light  is  attenuated  rapidly  in  the  up¬ 
per  meters,  a  minimal  amount  of  scat¬ 
tering  and  upwelling  radiation  is  ex¬ 
pected.  From  this  figure  (Plot  C)  the 
significance  of  the  non-zero  y- 
intercept  is  not  fully  understood.  One 
could  speculate  that  for  clear  waters 
the  downwelling  attenuation  rate  re¬ 
sults  only  from  absorption  and  that 
because  little  scattering  occurs,  there 
is  minimal  upwelling  radiation.  Thus, 
there  cannot  be  an  upwelling  attenua¬ 
tion  rate.  Therefore,  a  Kj(670)  value 

of  0.2  has  a  value  of  0  for  Ku(670) . 

Further  investigations  are  required  to 
more  fully  understand  what  occurs  in 
the  longer  wavelengths. 

V.  Satellite  Imagery 

As  a  result  of  the  high  percentage  of 
cloud  cover  in  Mississippi  Sound  during 
the  September  experiment  a  limited  num¬ 
ber  of  satellite  imagery  was  analyzed. 

A  major  objective  of  this  experiment 
was  to  relate  the  measured  optical 
properties  to  the  radiance  values  of 
the  satellite  data.  From  results  pub¬ 
lished  by  Austin  (1980),  the  ratio  of 
the  upwelling  radiation  of  two  CZCS 
channels  is  directly  related  to  the 
diffuse  attenuation  coefficient.  For 
Landsat  imagery,  it  is  difficult  to 
determine  absolute  radiation  values  and 
thereby  difficult  to  obtain  optical 
properties  directly. 


The  application  of  CZCS  and  Landsat  MSS 
for  obtaining  the  spacial  variability 
of  water  optical  properties  has  been 
discussed  by  various  investigators, 
(Aranvachapun ,  et  al.,  1981;  Austin, 
1980;  Munday,  et  al.,  1979;  Clark,  et 
al.,  1980;  and  Sturm,  et  al.,  1980).  An 
evaluation  of  these  sensors  in  deter¬ 
mining  water  properties  has  not  been 
adequately  demonstrated  because  of  the 
dissimilarities  of  each  sensor  system. 
That  is  to  say,  each  sensor  has  specif¬ 
ic  characteristics  for  measuring  ocean/ 
coastal  environments;  therefore,  an 
evaluation  should  be  based  on  the  ap¬ 
plication  of  the  data. 

The  CZCS  sensor  has  an  800  m  spatial 
resolution  and  has  a  repeat  time  of 
approximately  1.3  days.  CZCS  channels 
are  ±10  nm,  centered  at  443,  520,  550, 
670,  and  750  nm  (Hovis,  et  al.,  1980). 
The  channels  have  been  selected  for 
water  property  applications  and  are 
sensitive  to  deep  ocean  property  vari¬ 
ations  where  the  color  variability  is 
relatively  small.  Extensive  calibration 
has  been  inherent  to  CZCS  to  provide 
absolute  radiometric  values  of  the 
light  field.  The  Landsat  system,  having 
80  m  spacial  resolution  with  a  repeat 
time  of  18  days,  was  mainly  designed 
for  land  applications.  The  channels 
are,  therefore,  wide,  +50  nm,  and  are 
centered  at  550,  650,  750,  and  the  last 
channel  is  from  800  to  1100  nm.  The 
application  of  Landsat  for  ocean/coast- 
al  applications  has  been  confined  most¬ 
ly  to  the  coastal/ shelf  water  areas. 
This  is  because  of  the  high  spacial 
resolution  of  the  sensor  and  its  corre¬ 
sponding  reduced  coverage,  and  the  in¬ 
ability  to  sense  subtle  color  varia¬ 
tions.  Special  resolution  is  required 
in  coastal  areas  where  the  variability 
of  water  properties  is  changing  dramat¬ 
ically.  In  many  coastal  areas,  "water 
color"  changes  occur  such  that  Landsat 
sensors  have  sufficient  dynamic  range 
to  distinguish  the  spacial  variability. 
The  subtle  color  changes  observed  in 
the  deeper  ocean  waters  have  more 
limited  applications  to  Landsat .  In  ad¬ 
dition,  the  repeat  time  greatly  hampers 


the  utility  for  evaluating  the  varia¬ 
bility  of  the  coastal  processes  that 
occur  on  a  time  scales  between  12  hours 
(tides)  to  several  days. 

Algorithms  of  equating  absolute  satel¬ 
lite  radiometric  values  to  optical  and 
chemical  parameters  have  been  developed 
mostly  for  CZCS  and  on  a  limited  basis 
for  Landsat  ( Aranuvachapun ,  et  al., 
1981;  Austin,  et  al.,  1980;  Clark,  et 
al.,  1980).  These  algorithms  require 
absolute  upwelling  radiation  measure¬ 
ments  from  the  water  column  and  this 
requires  accurate  atmospheric  correc¬ 
tion.  This  correction  is  a  serious 
source  of  error  for  determining  water 
properties.  On  examination,  this  ap¬ 
proach  with  CZCS  data  has  definite 
drawbacks  in  coastal  areas  and  is  more 
limited  for  Landsat  data  since  the  sen¬ 
sitivity  to  upwelling  radiation  is  re¬ 
duced  and  this  results  in  making  Land¬ 
sat  data  more  sensitive  to  atmospheric 
correction. 

A.  Influence  of  Water  Types  on  Water 
Optical  Properties 

The  application  of  remotely  sensed  data 
for  determining  the  distribution  of 
water  optical  properties  is  more 
strongly  associated  with  radiation 
sensed  by  the  satellite  than  bio¬ 
chemical  parameters  such  as  chlorophyll 
or  suspended  sediments.  The  scattering 
and  absorption  of  light  within  the 
water  column  gives  rise  to  the  water 
color  or  the  upwelled  radiation.  Opti¬ 
cal  properties  are  direct  functions  of 
scattering  and  absorption  and  are  more 
closely  associated  with  upwelling  radi¬ 
ation  than  the  bio-chemical  parameters. 
It  follows  that  optics  should  correlate 
better  with  the  remotely  sensed  data. 

Optical  properties  of  waters  are  af¬ 
fected  by  different  concentrations  of 
suspended  sediment,  chlorophyll,  dis¬ 
solved  organic  material,  and  by  the 
size  and  shape  of  the  suspended  par¬ 
ticles.  In  coastal  areas,  where  there 
are  great  variabilities  of  these  param¬ 
eters,  complex  relationships  between 


water  optics  and  the  parameters  can  be 
applied.  Certain  parameters  have  a  dom¬ 
inating  influence  on  optical  properties 
for  different  water  types.  (A  dominant 
influence  is  regarded  in  context  to 
upwelling  or  remotely  sensed  radia¬ 
tion.)  In  coastal  waters,  the  dominant 
parameters  are  suspended  sediment  con¬ 
centrations;  whereas,  in  the  deeper 
ocean  water,  sediments  are  minimal  and 
chlorophyll  concentration  is  more  sig¬ 
nificant.  As  concentrations  increase 
for  each  of  these  water  masses,  the 
other  parameters  have  less  Influence  on 
optical  properties.  What  occurs  in  the 
transitional  (shelf)  waters  is  some 
combination  of  these  parameters  and  is 
presently  an  area  of  research.  General¬ 
ly,  it  is  said  that  the  parameters  in¬ 
fluence  optics  in  coastal  and  deep  oce¬ 
anic  waters  are  different  and  will  have 
different  response  in  multichannel  re¬ 
motely  sensed  data.  It  becomes  diffi¬ 
cult  to  distinguish  the  various  influ¬ 
ential  constituents  within  the  water 
column,  even  though  applying  the  spec¬ 
tral  relationships.  This  results  from 
the  interaction  between  parameters  that 
have  second  order  effects  on  the  opti¬ 
cal  properties.  However,  because  opti¬ 
cal  properties  result  from  this  inter¬ 
action  and  results  in  the  upwelled  ra¬ 
diation  field,  the  properties  should  be 
closely  related  to  the  remotely  sensed 
radiation. 

B.  Atmospheric  Correction  Techniques  and 
Problems 

Previous  investigators  have  used  Land- 
sat  data  to  correlate  directly  between 
ground  truth  and  radiometric  values 
from  the  satellite.  The  development  of 
algorithms  then  was  derived  from  a  re¬ 
gression  relationship.  Because  of  the 
various  differences  from  scene  to 
scene,  it  was  impossible  to  use  the 
same  regression  algorithm.  The  require¬ 
ment  for  universal  algorithms  to  elimi¬ 
nate  the  necessity  of  ground  truth 
measurements  has  led  to  obtaining  ab¬ 
solute  upwelled  radiation  from  the 
ocean  from  satellites. 


The  absolute  measurement  of  the  up¬ 
welled  light  field  from  the  ocean  has 
been  related  to  the  diffuse  attenuation 
coefficient,  (Austin,  et  al.,  1980), 
chlorophyll  (Gordon,  et  al.,  1980),  and 
suspended  sediments  (Clark,  et  al., 

1980) .  These  algorithms  were  derived 
from  absolute  upwelling  radiation  from 
ground  truth  and  are  assumed  to  be  uni¬ 
versal.  However,  the  problem  remains  of 
obtaining  absolute  upwelling  radiation 
from  the  water  column  from  the  satel¬ 
lite  . 

Absolute  measurements  of  radiation  from 
satellite  require  non-drifting  optics 
or  a  calibrated  source  within  the 
spacecraft.  Landsat  has  had  significant 
problems  in  this  area,  although  some 
progress  has  been  made  (Ahern,  et  al., 
1978).  CZCS  calibration  has  been  bet¬ 
ter;  however,  problems  with  outgasing 
within  the  satellite  have  defined  an 
exponential  decay  of  the  original  cali¬ 
bration  coefficients,  based  on  its 
orbit  number  (Goddard  Space  Flight 
Center,  personal  communication). 

Another  serious  problem  arises  from 
defining  the  effects  that  the  atmos¬ 
pheric-  aerosols  have  on  the  satellite 
sensed  radiation.  An  atmospheric  cor¬ 
rection  technique  proposed  by  Gordon 
(1978);  and  Gordon,  et  al.,  (1980)  ap¬ 
plies  spectral  channels  in  a  weighted 
subtraction  of  red  (670  nm)  or  near 
infrared  channel  (750  nm).  This  tech¬ 
nique  is  presently  applied  to  CZCS  al¬ 
though  a  similar  approach  can  be  ap¬ 
plied  to  Landsat  (Aranvachapan,  et  al., 

1981) . 

The  correction  algorithm  takes  the 
form: 


"aHja  =  lta  -  -  (x  y 


where 


Ly  *  upwelled  radiance  at  sea  surface 
A  -  wavelength  of  interest 
1^,  -  total  radiance  at  satellite 

AQ  ■  reference  wavelength 
L^  *  rayleigh  radiance 
■  solar  flux 
y  »  angstrom  coefficient 
t^  *  air-sea  transition 

In  generating  this  equation  the  upwel- 
ling  radiation  from  the  water  column  at 
the  reference  wavelength  is  assumed 
zero  or  that  the  radiation  sensed  in 
this  channel  is  atmospheric ;  i  .e  . ,  Ray¬ 
leigh  and  aerosol  scattering  only. 
Presently,  the  670  nm  channel  is  used 
as  the  reference  in  CZCS  imagery.  In 
coastal  areas  where  there  is  high  sedi¬ 
ment  concentrations  upwelling  radiation 
occurs  at  670  nm.  For  these  type 
waters,  the  correction  subtracts  water 
color  in  addition  to  the  atmospheric 
aerosols.  In  deeper  oceanic  waters, 
where  the  optical  properties  are  domi¬ 
nated  by  the  chlorophyll  concentration, 
the  assumption  of  zero  upwelling  radi¬ 
ation  at  670  nm  is  more  valid.  Transi¬ 
tional  waters  are  still  under  investi¬ 
gation  to  determine  the  amount  of  up¬ 
welling  radiation  that  occurs  at  670 
nm. 

The  angstrom  coefficient,  y  ,  is  an¬ 
other  variable  within  the  correction 
that  presents  difficulty.  Clear  water 
radiance  methods  have  been  suggested  by 
Gordon,  et  al.,  (1981)  to  determine  y  . 
Through  selection  of  areas  within  the 
image  in  which  clear  water  is  assumed, 
the  radiation  sensed  by  the  satellite 
can  be  related  to  the  optical  aerosol 
thickness  of  the  atmosphere.  Following 
this,  the  resulting  angstrom  coeffi¬ 
cient  can  be  computed. 

This  application  is  difficult  for 
coastal  areas  where  there  is  little 


"clear  water.”  The  technique  usually 
requires  a  selection  of  an  area  farther 
offshore  and  the  result  is  applied  to 
the  coastal  area.  A  common  problem  is 
that  the  aerosol  optical  thickness  ( y ) 
can  change  over  coastal  and  deep  ocean 
waters.  For  these  cases,  the  resultant 
absolute  radiance  calculation  can  be 
significantly  in  error. 

Atmospheric  correction  directly  influ¬ 
ences  the  determination  of  optical  pa¬ 
rameters  from  satellite  data  since  the 
universal  algorithm  requires  absolute 
measurements  of  upwelling  radiation 
from  the  water  column.  Since  the  up¬ 
welling  radiation  from  the  sea  surface 
is  approximately  5-10%  of  the  total 
radiation  received  by  the  satellite 
sensor,  accurate  atmospheric  correc¬ 
tions  are  critical  for  accurate  meas¬ 
urements  of  water  optics. 

C.  Satellite  Data  Analyses 

Numerous  CZCS  and  Landsat  imagery  were 
analyzed  over  the  Mississippi  Sound 
area  during  September  1980.  Unfor¬ 
tunately  the  weather  conditions  were 
not  optimum  for  collection  of  satellite 
imagery.  The  summer  months  along  the 
northern  Gulf  coast  have  extremely 
humid ,  thick  atmospheres . 

Landsat  imagery  is  collected  at  approx¬ 
imately  9:30  a.m.,  local  time,  and  CZCS 
is  taken  approximately  2  hours  later  at 
11:30  p.m.,  local  time.  During  several 
instances,  near-coincident  (2  hours) 
CZCS  and  Landsat  imagery  of  the  study 
area  was  collected  and  analyzed .  As 
appears  to  be  typical  in  experimental 
design,  the  clearest  two  days  for  sat¬ 
ellite  imagery  were  not  incident  with 
ground  truth.  However,  an  evaluation  of 
each  sensor's  ability  to  detect  coastal 
color  changes  of  the  study  area  can  be 
demonstrated. 

Processing  of  satellite  data  was  done  on 
the  Interactive  Digital  Satellite 
Imaging  Processing  Systems  (IDSIPS) 
located  at  the  Remote  Sensing  Branch  of 
N0RDA.  The  imagery  used  for  this  report 


are  In  color;  however,  Che  black  and 
white  imagery  used  in  this  report  is 
somewhat  limited  in  coastal  feature 
recognition. 


Figure  13  is  a  mosaic  of  CZCS  imagery 
of  the  9  September  1980,  in  which  4 
spectral  channels  are  illustrated.  The 
amount  of  cloud  cover  in  this  image 
significantly  hampers  the  recognition 
of  oceanic  features.  The  atmospheric 
correction  was  applied  to  this  Imagery 
to  obtain  absolute  upwelllng  radiation 
from  the  water  column.  The  670  nm  chan¬ 
nel  was  used  as  the  reference  channel. 
Upon  examination  of  Figure  13,  note 
that  the  Mississippi  Sound  and  entire 
Gulf  coast  area  is  saturated  and  ap¬ 
pears  white  in  the  670  nm  channel. 
Weighted  subtraction  of  this  channel 
from  the  others  would  be  essentially 
subtraction  of  a  constant  and  could 
result  in  negative  or  very  small  up- 
welling  radiances  from  the  coastal 
waters.  Since  the  algorithms  for  com¬ 
puting  the  diffuse  attenuation  coeffi¬ 
cient  require  positive  upwelling  radi¬ 
ation,  a  closer  examination  of  the 
atmospheric  correction  is  required.  The 
resultant  atmospherically  corrected 
image  for  the  443  channel  is  illus¬ 
trated  in  Figure  14.  This  full  resolu¬ 
tion  CZCS  image  is  displayed  as  512x512 
pixel  and  has  been  registered  to  a  Mer¬ 
cator  projection.  Notice  that  the 
coastal  waters  in  the  Mississippi  Sound 
appear  black  since  the  corrected  upwel¬ 
ling  water  radiation  is  less  than  a 
value  of  zero.  In  the  southern  portion 
of  the  image,  the  deep  oceanogrphic 
features  are  more  clearly  visible  by 
the  tongue-shaped  position  of  the  Loop 
Current.  For  this  image  the  clear  water 
radiances  were  selected  in  the  Loop 
Current  and  the  angstrom  coefficient 
(n*0)  determined  for  the  entire  image. 
The  Loop  Current  waters  are  considered 
good,  clear  water  because  of  previous 
ground  truthing;  yet  when  the  computed 
angstrom  coefficient  was  applied  to  the 
coastal  area,  negative  radiance  values 
resulted.  In  images  of  other  coastal 
areas  where  there  is  not  "clear  water" 


the  selection  of  the  angstrom  coeffi¬ 
cient  becomes  extremely  difficult. 

For  the  9  September  1980  image,  there 
are  several  possible  explanations  for 
the  negative  upwelling  radiance  for  the 
443  nm  channel  in  the  coastal  waters. 
There  is  significant  upwelling  of  radi¬ 
ation  from  the  water  in  the  670  nm 
channel,  such  that  the  subtraction  of 
this  channel  drives  the  other  channels 
negative.  This  is  very  possible  in 
coastal  areas  where  the  high  chloro¬ 
phyll  results  in  very  small  upwelling 
radiance  at  443.  Another  problem  is 
associated  with  varying  angstrom  coef¬ 
ficients  between  coastal  and  deep  water 
areas.  To  evaluate  this,  an  image  was 
generated  for  n~0  and  n*0  2  (Fig.  14 
and  Fig.  15).  (The  imagery  illustrated 
in  these  figures  was  displayed  such 
that  negative  numbers  are  represented 
as  tonal  gradations  to  positive  num¬ 
bers.)  In  both  images,  the  absolute 
radiance  values  of  the  upwelled  radia¬ 
tion  in  the  coastal  region  are  still 
negative.  The  coastal  features  in  Fig¬ 
ure  15  (n-2)  are  more  recognizable  than 
in  Figure  14  (n-0).  For  the  offshore 
waters  in  the  vicinity  of  the  Loop  Cur¬ 
rent,  the  water  mass  features  are  bet¬ 
ter  observed  by  Figure  14  (n*^) .  This 
illustrates  that  a  variable  spacial 
angstrom  coefficient  or  optical  aerosol 
thickness  is  occuring  within  this 
image.  As  would  be  expected,  higher 
aerosols  closer  to  the  continent  have  a 
higher  aerosol  optical  thickness. 

In  Figure  16,  full  resolution  CZCS  is 
illustrated  in  the  top  portion  and  the 
Mississippi  Sound  area  is  magnified  by 
2  in  the  lower  portion.  The  imagery  has 
been  corrected  atmospherically  and  Mer¬ 
cator  registered.  The  coastline  has 
been  overlayed  for  clarity.  Coastal 
water  features  are  clearly  observed  and 
positive  upwelling  radiance  values  were 
computed.  The  distribution  of  the 
lighter  tones  correspond  to  various 
color  changes  resulting  from  various 
sediment  concentrations.  Similar  re¬ 
sults  as  shown  in  this  figure  were  ob¬ 
tained  for  the  550  nm  channel  of  CZCS. 


16 


TMO : P MEFE  -  -C OPPEC TED 


However,  the  "K"  algorithm  (Austin, 
1980)  requires  a  positive  ratio  using 
the  443  nm  channel  and  since  this  was 
negative,  ”K“  cannot  be  determined  in 
the  coastal  waters. 

The  suspended  sediment  algorithm 
(Clark,  et  al.,  1980)  that  used  the 
ratio  of  520  to  550  nm  was  applied  to 
this  image  and  major  discrepancies  with 
ground  truth  were  observed.  This  indi¬ 
cates  that  computations  of  upwelling 
radiation  in  these  channels,  although 
positive,  are  in  error  also  as  a  result 
of  the  atmospheric  correction  process. 

As  a  result  of  the  problems  with  the 
atmospheric  correction  in  coastal 
waters,  an  investigation  of  the  corre¬ 
lations  between  the  raw  CZCS  count 
values  (0-255)  and  the  optical  proper¬ 
ties  is  illustrated  in  Figures  17,  18, 
and  19.  These  figures  illustrate  ground 
truth  data  for  the  diffuse  attenuation 
coefficient  (K) ,  NTU,  and  suspended 
sediment  concentration  for  443,  520, 
and  550  nm  channels  on  CZCS. 

The  data  used  for  this  analysis  in  Fig¬ 
ures  17,  18,  19  came  from  stations  t44 
t66  plus  S9  and  S12  (Fig.  1).  These 
stations  are  located  in  the  central 
eastern  portion  of  the  sound  yet  dis¬ 
play  variations  in  water  types  at  this 
location,  a  grouping  of  the  suspended 
sediment  concentration  of  the  eastern 
Biloxi  channel  data  and  Pascagoula 
channel  data  is  shown  in  this  figure  as 
representative  of  the  eastern  and  west¬ 
ern  data  points.  A  similar  clustering 
is  not  reflected  in  the  NTU  or  K 
values.  As  previously  indicated,  the 
optical  properties  are  not  only  related 
to  sediment  concentrations  but  also 
dependent  on  the  shape,  size  and  compo¬ 
sition  of  the  suspended  material. 

The  application  of  the  550  nm  channel 
is  highly  limited  for  these  ground 
truth  correlations  since  the  channel  is 
saturated  at  255  (Fig.  19).  The  chlor¬ 
ophyll  absorption  channel  (443)  (Fig. 
17)  has  lower  count  values  than  the  520 
nm  channel  (Fig.  18).  As  a  result  of 


the  high  suspended  sediment  and  chloro¬ 
phyll  concentrations  it  is  difficult  to 
determine  exactly  what  the  443  is  re¬ 
sponding.  The  520  nm  channel  (Fig.  18) 
illustrates  the  best  correlation  with 
the  ground  truth. 


443  nm  (counts) 


Figure  17.  Relationship  of  CZCS  count 
values,  9  September  1980,  and  ground 
truth  ( 443  nm) 


520  nm  (counts) 


550  nm  (counts) 


Figure  18.  Relationship  of  CZCS  count  Figure  19.  Relationship  of  CZCS  count 

values,  9  September  1980,  and  ground  values,  9  September  1980,  and  ground 

truth  ( 5 20  nm)  truth  ( 550  nm) 
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1.  14  September  1980 

The  14  September  1980  analyses  of  CZCS 
data  is  illustrated  in  Figure  20.  The 
CZCS  image  was  atmospherically  correct¬ 
ed  in  a  similar  method  previously  de¬ 
scribed  and  represents  upwelling  radia¬ 
tion  in  the  520  and  443  nm  channels. 
Similar  problems  of  negative  values  of 
upwelling  radiation  in  coastal  waters 
were  experienced .  The  image  has  been 
registered  to  a  Mercator  projection  and 
the  coastline  superimposed  for  clarity. 
The  image  is  displayed  with  a  negative 
minimum  threshold.  In  other  words  the 
image  has  been  enhanced  to  extract  the 
ocean/ coastal  features  though  the 
values  are  not  absolute  and  cannot  be 
applied  to  universal  algorithms. 

Notice  in  Figure  20  that  the  520  nm 
channel  shows  significantly  bright 
tones  in  the  eastern  portion  of  the 
Mississippi  Sound.  These  are  most  like¬ 
ly  a  result  of  high  suspended  sedi¬ 
ments.  In  the  eastern  portion  of  the 
sound  the  tones  are  darker,  especially 
along  the  coast.  Along  the  offshore 
barrier  islands  brighter  tones  are  ob¬ 
served.  In  the  443  nm  channel,  the  en¬ 
tire  sound  has  a  characteristic  dark 
tone  indicating  a  high  chlorophyll  con¬ 
tent.  The  eastern  sound,  which  has  high 
suspended  sediment  concentrations,  has 
somewhat  lower  443  count  values  than 
the  rest  of  the  sound  as  a  result  of 
the  lower  chlorophyll  concentration 
from  reduced  light  penetration  in  tur¬ 
bid  waters.  The  western  portion  of  the 
sound  indicates  high  chlorophyll  ab¬ 
sorption  by  the  very  dark  tones  in  the 
443  nm  channel.  For  these  coastal 
waters,  the  interaction  between  water 
turbidity  and  chlorophyll  concentration 
is  an  important  mechanism  in  under¬ 
standing  the  various  imagery  in  various 
CZCS  channels.  In  offshore  waters  where 
there  are  minimal  suspended  sediments, 
the  patchiness  associated  with  chloro¬ 
phyll  variation  is  observed  in  the  443 
channel  (Fig.  20). 

The  Landsat  image  (Fig.  21)  was  col¬ 
lected  two  hours  earlier  than  CZCS  and 


is  channel  2  (600-700  nm)  enhanced  for 
the  water  features.  The  Landsat  image 
has  increased  resolution  than  what  is 
illustrated  in  Figure  20  and  is  clearly 
superior  to  CZCS  in  recognition  of 
coastal  features.  At  full  resolution  of 
Landsat,  additional  water  features  are 
observed  within  the  coastal  region  that 
are  not  observed  at  the  resolution  dis¬ 
played  in  Figure  21.  The  spatial  reso¬ 
lution  is  significant  in  evaluating 
satellite  applications  in  coastal  areas 
(Arnone,  1983b).  Coastal  features  are 
even  more  numerous  and  more  detectable 
with  increasing  resolution,  beyond  the 
80  m  resolution  of  Landsat.  The  bound¬ 
aries  of  land/water  and  coastal  water 
masses  are  determined  better  by  Landsat 
than  by  CZCS.  Coastal  boundary  recogni¬ 
tion  is  limited  by  the  spatial  resolu¬ 
tion  of  CZCS.  Shadowing  effects  border¬ 
ing  the  barrier  islands  are  observed  in 
magnified  coastal  areas  of  Figure  20. 
The  large  pixel  resolution  effectively 
averages  the  coastal  water  color 
fronts.  Upon  close  examination,  the 
turbid  waters  of  northern  Mississippi 
Sound  (stations  6  and  41)  are  illus¬ 
trated  as  lighter  tones  in  Figure  21 
and  a  dark  upwelling  signal  at  670  nm. 
The  atmospheric  correction  results  in 
negative,  or  dark  tones,  in  Figure  20. 
In  these  type  coastal  areas  proper  con¬ 
siderations  must  be  applied  to  inter¬ 
preting  the  effects  of  the  atmospheric 
correction. 

The  spectral  differences  between  CZCS 
and  Landsat  are  also  illustrated  in 
Figures  20  and  21.  Numerous  offshore 
oceanic  features  are  observed  in  the 
443  channel  of  CZCS.  Since  this  channel 
was  designed  to  respond  to  chlorophyll 
variability,  the  patchiness  of  the  off¬ 
shore  waters  is  clearly  visible.  These 
features  are  not  observed  with  the 
Landsat  sensor.  The  520  and  550  nm 
channels  of  CZCS  respond  more  closely 
to  the  green  (band  1)  and  red  (band  2) 
of  Landsat.  The  variations  of  suspended 
sediment  are  observed  with  both  the 
Landsat  and  CZCS  sensors  by  comparison 
of  these  channels. 
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2.  15  September  1980 


3.  24  September  1980 


Landsat  and  CZCS  imagery  for  September 
15  are  illustrated  in  Figures  22  and 
23.  Unfortunately,  no  ground  truth  was 
collected  on  this  date  for  comparison. 
Figure  22  is  band  5  of  Landsat  and 
covers  only  the  western  portion  of  the 
sound.  Comparison  of  the  14-15  Septem¬ 
ber  Landsat  Images  (Figs.  21,  22) 

indicated  a  high  suspended  sediment 
concentration  in  the  northern  sound, 
offshore  of  the  Gulfport  area.  Only 
minor  variations  in  the  sediment  patch¬ 
iness  are  noticed  between  the  two  fig¬ 
ures.  It  is  difficult  to  observe  any 
subtle  variations  of  water  color  in 
these  figures  especially  offshore  of 
the  barrier  islands  as  a  result  of 
Landsat 's  low  dynamic  range  sensors. 

Figure  23  is  a  CZCS  image  from  15  Sep¬ 
tember  1980.  The  upper  part  of  this 
image  is  the  443  nm  channel  and  the 
lower  portion  is  the  520  nm  channel. 
Both  images  have  been  atmospherically 
corrected  using  the  670  nm  channel. 
Notice  in  this  image  a  distinctive 
white  band  crossing  the  lower  portion 
of  the  delta  and  extending  toward  the 
northeast.  This  represents  a  thick 
aerosol  air  mass  much  different  from 
that  observed  on  14  September  (Fig.  20). 
and  has  significantly  different  ang¬ 
strom  values  for  coastal  and  offshore 
ocean  waters.  For  this  image  the  coast¬ 
al  waters  have  been  enhanced  and  the 
offshore  waters  are  saturated.  Similar¬ 
ities  in  the  distribution  of  suspended 
sediments  are  observed  in  the  CZCS 
(Figs.  20,  23).  The  sediment  plumes 
extending  through  the  channels  between 
the  barrier  islands  are  clearly  ob¬ 
served.  Comparison  of  CZCS  with  Landsat 
imagery  illustrates  the  applications 
that  Landsat  resolution  has  in  showing 
coastal  features.  The  detection  of  the 
more  subtle  water  colors  occurring  in 
offshore  waters  are  better  observed  in 
CZCS  Imagery. 


The  CZCS  imagery  for  24  September  is 
contaminated  by  a  large  percentage  of 
clouds.  However,  there  appears  to  be 
certain  areas  of  the  image  in  which 
cloud  free  conditions  and  ground  truth 
were  collected.  Data  on  24  September 
was  collected  at  Stations  t4  through 
t40  which  is  the  central  part  of  the 
Mississippi  Sound  (see  Fig.  1).  The 
relationship  between  the  raw  counts  and 
the  suspended  sediment  concentrations 
is  illustrated  in  Figure  24  for  the 
443  and  550  nm  channels.  From  the  lin¬ 
ear  fit  of  this  relationship,  the  sedi¬ 
ment  type  in  this  area  appears  to  be 
uniform,  not  like  that  shown  on  9  Sep¬ 
tember.  The  550  nm  channel  has  a  re¬ 
gression  coefficient  of  0.91.  This  is 
the  best  correlation  compared  with  the 
two  other  bands  and  reinforces  the 
ability  of  the  550  nm  sensitivity  to 
suspended  sediments.  By  comparison  of 
this  figure  with  results  of  9  September 
(Figs.  17-19),  the  overall  count  was 
higher  on  the  24  September.  Note  that 
the  Imagery  has  not  been  atmospherical¬ 
ly  corrected,  and  that  these  regres¬ 
sions  can  not  be  utilized  in  the 
universal  sense.  Results  of  the  atmos¬ 
pherically  corrected  imagery  for  the  9 
and  24  September  comparison  with  ground 
truth  showed  similar  nonuniversal 
results.  This  was  attributed  to  the  er¬ 
roneous  assumption  of  zero  upwelling 
radiation  in  the  670  nm  band,  as  was 
mentioned  earlier. 

The  relationship  between  secchi  depth 
and  raw  count  values  for  24  September 
is  illustrated  in  Figure  25  for  the  520 
and  550  nm  channels.  A  high  linear  cor¬ 
relation  coefficient  for  the  550  nm 
channel  (0.87)  indicates  a  similar  in¬ 
fluence  of  suspended  sediment  concen¬ 
tration  and  this  spectral  channel  ob¬ 
served  in  Figure  24.  Increased  count 
values  indicate  high  suspended  sedi¬ 
ments  and  lower  secchi  depths.  The 
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relatively  high  correlation  coeffi¬ 
cients  for  both  these  spectral  channels 
indicate  that  the  partical  size,  shape, 


and  composition  of  the  suspended  sedi¬ 
ments  was  uniform  at  the  sample  loca¬ 
tions.  (The  w(k')  illustrated  in  Fig¬ 
ures  5  and  6  would  be  constant.) 

The  relationship  of  the  raw  count 
values  of  CZCS  and  the  diffuse  attenua¬ 
tion  coefficients  (k)  is  somewhat  dis¬ 
turbing.  One  would  expect  a  strong  re¬ 
lationship  between  count  values  and  "k" 
since  ”k"  is  inversely  related  to 
secchi  depth.  This  should  be  further 
enforced  by  the  two  previous  figures 
(Fig.  24,  25)  which  showed  strong  cor¬ 
relation.  Figure  26  shows  the  correla¬ 
tion  between  the  downwelling  spectral 


Figure  24.  Correlation  of  CZCS  count 
values,  24  September  1980,  and  total 
suspended  sediments 


Figure  25.  Correlation  of  CZCS  count 
values,  24  September  1980,  and  secchi 
depth 


diffuse  attenuation  coefficient  and  the 
CZCS  count  values  at  each  wavelength.  A 
strong  linear  correlation  is  observed 
at  the  443  nm  wavelength  (R  *  0.58). 


520  nm 


Cunt  Vitas  550  nm 


Figure  26.  Correlation  of  CZCS  count 
values,  24  September  1980,  and  "K^" 


The  520  nm  channel  shows  a  weaker 
correlation  (R  =  0.35)  and  finally  the 
550  nm  channels  show  less  of  a  correla¬ 
tion  (R  =  0.30). 

The  lower  correlation  in  the  550  nm 

channel  indicates  that  the  downwelling 

diffuse  attenuation  coefficient  (k,)  is 

a 

not  strongly  correlated  with  the  radi¬ 
ance  as  vieweJ  by  the  satellite.  The 
relationship  of  downwelling  attenuation 
coefficients  and  backscattering  radia¬ 
tion  (as  sensed  by  secchi  depths  and 
upwelling  radiance)  was  discussed  in 
the  first  section  of  the  report.  A  sim¬ 
ilar  spectral  response  of  this  channel 
was  observed  in  that  the  relationship 
of  upwelling  to  downwelling  radiation 
had  the  weakest  correlation  in  the  550 
nm  channel  (Fig.  12,  Table  5).  A  simi¬ 
lar  explanation  can  be  applied  to  the 
noted  correlation  in  Figure  26.  A  CZCS 
image  for  24  September  is  illustrated 
in  Figure  27 .  This  image  is  a  simple 
density  slice  of  the  520  nm  channel  in 
which  the  linear  regression  shown  in 
Figure  24  was  applied  to  obtain  a  sus¬ 
pended  sediment  concentration  of  the 
sound.  From  this  image,  it  is  evident 
that  the  numerous  clouds  make  the  water 
areas  difficult  to  classify. 

VI.  Conclusions 

Results  of  the  satellite  data  process¬ 
ing  for  the  Mississippi  Sound  Experi¬ 
ment  indicate  complicated  processes 
occurring  both  in  the  temporal  and  spa- 
cial  domain.  The  sound's  response  to 
tides  and  local  winds  directly  affects 
the  circulation  which  in  turn  results 
in  variations  in  the  water  types.  The 
movements  of  the  water  masses  result  in 
turbulent  mixing  and  diffusion,  all  of 
which  change  the  characters  of  the  up¬ 
welling  radiance  that  are  observed  by 
satellite. 

The  suspended  sediment  concentration 
dominates  the  turbidity  patterns  and 
optical  properties  within  the  Missis¬ 
sippi  Sound.  The  satellite  received 
radiance  is  also  dominated  by  suspended 
sediments.  Unfortunately,  the  size, 
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shape,  and  composition,  in  addition  to 
the  concentration,  interact  to  deter¬ 
mine  optical  and  upwelling  radiance 
properties . 

Specific  optical  properties  within  the 
sound  were  shown  to  be  correlated.  It 
is  necessary  to  determine  the  applica¬ 
tions  of  these  regression  relationships 
on  other  water  types  to  establish  the 
validity  of  these  relationships  and  to 
extend  the  applicability  to  various 
water  types . 

The  optical  properties  of  Mississippi 
Sound  waters  are  different  and  much 
more  complicated  than  the  offshore  oce¬ 
anic  waters.  The  composition,  temporal, 
and  spacial  variability  of  coastal 
waters  have  significant  differences  on 
the  optical  properties  compared  to 
either  shelf  or  deep  oceanic  waters. 
The  extension  of  coastal  water  types 
into  the  offshore  regions  is  becoming 
more  evidenced  through  analyses  of  sat¬ 
ellite  imagery.  The  response  of  coastal 
water  types  in  changing  the  optical 
water  character,  both  temporally  and  on 
radiance  measurements  from  a  satellite, 
will  provide  an  improved  understanding 
of  the  chemical  and  physical  dynamics 
of  the  ocean. 

The  application  of  "universal"  algo¬ 
rithms  to  determine  the  diffuse  attenu¬ 
ation  coefficient,  chlorophyll  concen¬ 
tration,  and  total  suspended  sediments, 
requires  absolute  spectral  measurement 
of  upwelling  radiation  from  the  water 
column.  Satellite  data  must  be  accu¬ 
rately  atmospherically  corrected  to 
obtain  the  upwelling  radiation  measure¬ 
ment.  Current  atmospheric  correction 
techniques  appear  to  be  confined  to 
deeper  oceanic  waters.  Tests  of  univer¬ 
sal  algorithms  in  coastal  waters  re¬ 
sulted  in  nonability  to  adequately  cor¬ 
rect  for  the  atmosphere.  Problems  with 
nonzero  upwelling  radiation  in  the  ref¬ 
erence  channel  and  varying  angstrom 
coefficients  within  the  image  were  ex¬ 
perienced.  Additional  corrections  are 
required  for  coastal  waters. 


The  utility  of  both  CZCS  and  Landsat 
systems  to  detect  coastal  features  and 
water  properties  is  related  to  both  the 
spacial  resolution  and  spectral  differ¬ 
ences  of  coastal  water  properties.  For 
the  study  area,  the  spacial  variability 
of  the  coastal  water  properties  signif¬ 
icantly  influenced  the  evaluation  of 
CZCS  and  Landsat.  If  the  upwelling  ra¬ 
diation  from  the  water  column  is  sig¬ 
nificantly  strong,  as  is  the  case  in 
many  coastal  areas,  then  Landsat's  high 
resolution  is  significant.  As  the  up¬ 
welling  radiation  becomes  reduced  and 
the  water  color  variability  is  more 
subtle,  then  the  spectral  resolution 
and  increased  dynamic  range  of  the  CZCS 
sensor  appears  more  significant.  From 
comparison  of  near-coincident  Landsat 
and  CZCS  imagery  as  the  water  color 
becomes  more  subtle  the  water  patterns 
appear  to  increase  in  size,  such  that 
increased  resolution  of  CZCS  can  be 
used  to  detect  the  variability. 
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20.  ABSTRACT  (Contlnu*  on  rovmrom  old*  It  n*c****ff  *nd  Identity  by  block  number; 

From  analyses  of  optical  and  suspended  sediment  properties  in  the  Mississippi 
Sound,  inherent  relationships  for  exceptional  turbid  coastal  waters  are  estab¬ 
lished.  The  optical  parameters  of  secchi  depth,  Nepholometric  Turbidity  Units 
(NTU)  and  spectral  upwelling  and  downwelling  diffuse  attenuation  coefficients 
are  correlated  with  themselves  and  size  distribution  of  suspended  sediments. 
From  these  relationships,  estimates  of  other  scattering  and  absorption  water 
optical  properties  are  established.  (continued) 
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(continued  from  Block  20) 

Coastal  Zone  Color  Scanner  (CZCS)  and  Landsat  satellite  data  coincident  with 
the  experimental  data  were  analyzed  to  access  the  spatial,  temporal  and  quanti¬ 
tative  optical  properties  with  the  sound  and  surrounding  shelf  waters.  Problems 
with  atmospheric  correction  techniques  in  turbid  coastal  waters  precluded  ob¬ 
taining  quantitative  optic  measurements.  Relationships  between  the  spectral 
satellite  radiance  values  and  optical  properties  are  established. 
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